Background: Chronic heart failure accounts for a great deal of the morbidity and mortality in the aging population. Evidence-based treatments include angiotensin-2 receptor blockers (ARBs), angiotensin-converting enzyme inhibitors (ACE-I), beta-blockers, and aldosterone antagonists. Underutilization of these treatments in heart failure patients were frequently reported, which could lead to increase morbidity and mortality. The aim of this study was to evaluate the utilization of evidence-based treatments and their related factors for elderly patients with chronic heart failure.
Background
Chronic heart failure (CHF) is a significant health burden worldwide and affects approximately 10% of individuals over 65 years of age [1] . The annual incidence of new heart failure events per 1,000 individuals is 15.2 for those aged 65 to 74, 31.7 for those aged 75 to 84, and 65.2 for those over 85 years of age [1] . Korea has an aging population, and the increased incidence of agerelated chronic diseases, including hypertension, diabetes, angina or other forms of cardiovascular disease, has negatively impacted the health and lives of elderly individuals.
Heart failure accounts for a great deal of the morbidity and mortality in the population, and the estimated 5year age-adjusted mortality rate after a diagnosis of heart failure is 59% for men and 45% for women [2] .
Evidence-based treatments that have been shown to decrease mortality rates [3, 4] include angiotensin-2 receptor blockers (ARBs), angiotensin-converting enzyme inhibitors (ACE-I), beta-blockers, and aldosterone antagonists. However, several studies have shown that these treatments are underutilized and are often prescribed at lower dose levels [5] [6] [7] [8] [9] [10] . Factors related to the underutilization of evidence-based treatments include a lack of initiation or early discontinuation. The causes of this lack of initiation include the contraindication of drug use, lack of knowledge, lack of expertise for using these drugs, lack of time, and economic restraints [9] . However, in many cases, the reasons for underutilizing evidence-based therapy are unclear. Some evidence has been collected from several randomized clinical trials (RCTs), but most RCTs have limited generalizability for treatment options because these trials typically have strict inclusion and exclusion criteria. Euro Heart surveys found that among 10,701 heart failure patients, only 1,346 were eligible to participate in the majority of RCTs [11] . However, these findings do not explain the underutilization of evidence-based treatment in eligible individuals, and elderly CHF patients could significantly benefit from evidence-based treatment [12, 13] .
The causes of treatment underutilization may include the fear of polypharmacy, inaccurate perceptions concerning adverse effects, and contraindications. However, the mortality rate of patients with renal insufficiency was lower for those who received ACE-I, beta-blockers, statins, and aspirin [14] . Beta-blockers can be prescribed safely to patients with diabetes [15] [16] [17] and chronic obstructive pulmonary disease [18] [19] [20] [21] , and this treatment significantly decreases the morbidity and mortality caused by heart failure. Also, the utilization of evidencebased treatment for patients with heart failure can significantly reduce heart failure-related hospital admission and mortality [12, 22, 23] .
We evaluated the utilization of evidence-based treatments in elderly patients with heart failure using a claims database so as to assure generalizability for elderly individuals. We also studied the patient and provider factors that were related to the utilization of each drug.
Methods

Data source
Patients were identified from the Korean Health Insurance Review and Assessment Service database (KHIRA), which contains medical claims data for the entire Korean population [24] as a result of the National Insurance Health System. Patients pay an average of 30% of the total medical costs related to almost all diseases. Healthcare providers submit reports concerning the medical services performed to the KHIRA for a review of the medical costs incurred. These reports contain information on the diagnosis that has been coded in accordance with the International Classification of Diseases Tenth Revision [ICD-10] as well as information related to outpatient or inpatient status, drug name, dosage, prescription date, duration, and method of administration. The KHIRA provided data with the individual identifier removed, in accordance with the Act on the Protection of Personal Information Maintained by Public Agencies. Thus, the database included an unidentifiable code representing each individual with data concerning the patients' age, gender, diagnosis and lists of prescribed drugs.
The database contained information regarding 1,093,262 elderly patients aged above 65 years and 11,842,586 prescriptions from January 1, 2005, to June 30, 2006. This study was approved by the institutional review board of the Seoul National University Bundang Hospital with reference number of B-1011-115-105.
Study population
We identified older adults who were over the age of 65 and had been hospitalized with a primary discharge diagnosis of heart failure (ICD-10 codes: I11, I13, and I50) between January 1, 2005, and June 30, 2006. Though diagnosis of heart failure by ICD-10 codes in the KHIRA database was not validated, we tried to increase diagnostic accuracy by adjusting medications for heart failure such as digoxin, inotropics and diuretics.
We excluded patients if they had a length of stay less than 24 hours or did not have medication records. In total, 28,922 patients were admitted with a primary discharge diagnosis of heart failure.
Prescription of evidence-based treatment in CHF
Three classes of prescription medications were evaluated based on evidence-based treatment: ACE-I or ARB (group A), beta-blockers (group B), and aldosterone antagonists (Aldo group).
The utilization of evidence-based treatments was defined as treatments that were prescribed after hospitalization for heart failure. We prioritized groups A and B rather than the Aldo group because the 2005 American College of Cardiology and American Heart Association (ACC/AHA) heart failure guidelines with the 2009 focused update [25] recommended the addition of an aldosterone antagonist for the treatment of patients with moderate to severe HF and the reduced ejection fraction who could be carefully monitored for preserved renal function and normal plasma potassium concentrations. Therefore, we classified the evidence-based treatment groups as A, B, Aldo, and A + B. The A + B group was assigned if a patient received both A and B group treatments. If a patient received A, B, and Aldo group treatments, then the patient was assigned to the A + B group. If a patient received A and Aldo group treatments, then the patient was assigned to group A. If a patient only received Aldo group treatment, then the patient was assigned to the Aldo group. Group B consisted of patients who were given only a beta-blocker treatment or beta-blockers in addition to aldosterone antagonists.
Covariates
Data concerning patient age, gender, area of residence, type of prescription resources from inpatient or outpatient clinic and the utilization of hospital type (primary care clinics, secondary hospitals, which typically refer to large, community but non-teaching hospitals, or tertiary hospitals, which usually refer to a teaching or university hospital) were obtained from the database. Previous cardiovascular disease histories were collected using the diagnosis codes for angina pectoris (I20), myocardial infarction (I21-22 and I25.2), transient ischemic attack or ischemic stroke (G45-46, H34, and I60-69), peripheral artery disease (I70-71, I73.1, I73.8-73.9, I77.1, I79.0, I79.2, K55.1, K55.8-55.9, and Z95.8-95.9), atrial fibrillation or flutter (I48), and valvular heart disease (I01, I05-09, and I34-39).
We also included any medical histories of hypertension (I11-I13 an d I15), hyperlipidemia or dyslipidemia (E78), end-stage renal disease (I12.0, I13.1, N03.2-03.7, N05.2, N05.7, N18-19, N25.0, Z49.0-49.2, Z94.0, and Z99.2), chronic lung disease (I27.8, I27.9, J40-47, J68.4, J70.1, and J70.3), chronic liver disease (B18, K70, K71, K73-74, K76, and Z94.4), systemic cancer (C00-C26, C30-C34, C37-C41 , C43, C45-58, C60-85, C88, and C90-97), dementia (F00-F03, F05.1, G30, and G31.1) and depression (F32-33).
Concomitant medication use was adjusted in the model. Concomitant drugs included heart failure medications, such as diuretics, calcium channel blockers, nitrates, digoxin, amiodarone, and hydralazine, and lipidlowering medications, such as statins, fibrates, and ezetimibe. Anti-diabetic medications were also included, such as sulfonylurea, metformin, alpha glucosidase inhibitors, thiazolidinediones, and insulin.
Statistical analysis
Statistical analyses were performed using SAS software, version 9.1 (Cary, North Carolina).
We evaluated baseline characteristics with previous cardiovascular disease, medications and other systemic medical histories between each group of evidence based treatment and non use group using Student's t test for continuous variable and chi-square test for categorical variables, Multivariable logistical regression model was used to evaluate clinical factors associated with each evidencebased group. The model incorporated the following demographic factors (age, gender, residence area, utilization of hospital type, specialty of health care providers and type of prescription resources), previous cardiovascular diseases (angina, myocardial infarction, valvular heart disease, atrial fibrillation or flutter, transient ischemic attack), systemic medical diseases (hypertension, hyperlipidemia, chronic lung disease, end stage renal disease) and concomitant medications (heart failure medication, antidiabetic drugs) by forward selection methods. We also performed the similar multivariable logistic regression analysis in subgroup who were treated with both digoxin and diuretics, which could indicate patients with symptom relieving treatment for heart failure. Subgroup analysis was shown for the purpose of increasing diagnostic accuracy for heart failure.
Results
Study population
A total of 29,104 patients were admitted with a primary diagnosis of congestive heart failure during the study period, although 182 patients had no medical information recorded. Therefore, 28,922 patients were analyzed for this study concerning the utilization of evidencebased treatments for congestive heart failure and flow of study population was represented in Figure 1 . The baseline characteristics of the study population are shown in Table 1 .
The mean age at the time of admission was 77.5 ± 7.0 years; 64.4% of patients were more than 75 years of age, and 72.4% of patients were female. Most patients were admitted to tertiary hospitals, and the coexisting cardiovascular diseases included atrial fibrillation or flutter (19.8%), transient ischemic attack (15.9%), and angina (15.3%). Common comorbidities included hypertension (39.4%), diabetes (34.2%), and chronic obstructive lung disease (34.0%).
Utilization of evidence-based treatment in elderly CHF patients
In total, 71.4% of elderly heart failure patients received evidence-based treatment. For each treatment group analysis, the A + B group comprised 21.7% of the total patient group, group A made up 33.0%, group B 9.8%, and the Aldo group represented 6.9% of the total study population.
Females composed 70% of all study patients, and the mean age of each group was between 76 and 79 years of age.
For the A + B group, the specialty of 96% of the healthcare providers was internal medicine, and 82.6% of the A + B patients were treated at tertiary hospitals. However, the specialty of 83% of healthcare providers for patients who were not given evidence-based treatment (non-use group) was internal medicine, and 47.4% of these patients were treated at tertiary hospitals.
Patients in the A + B group had higher rates of angina, myocardial infarction, atrial fibrillation, valvular heart disease, and diabetes compared to those in the non-use group. However, dementia was more pronounced in the non-use group. Patients in the A + B group were more likely to receive symptom-relieving heart failure drugs, such as diuretics, digoxin, and other inotropics, than were patients in the non-use group.
Factors associated with the utilization of each evidencebased treatment
Factors associated with the utilization of evidence-based treatment were dependent on admission to a tertiary hospital, having a more specialized healthcare provider, prescribed from outpatient clinic, atrial fibrillation, valvular heart disease and the administration of more symptom-relieving treatments, such as diuretics and digoxin.
For the A + B group as shown in Table 2 , associated factors for utilizing evidence-based treatment included admission to a tertiary hospital, healthcare provider specialty, prescription from outpatient clinic, the diagnosis of angina, myocardial infarction, atrial fibrillation or valvular heart disease, and the administration of inotropics, antithrombotic agents, nitrate, or lipid-lowering agents. Chronic lung disease was negative associated factor in utilization of A + B group and B group, while it was positive associated factor in A group and Aldo group.
For group A, associated factors for utilization were similar to those of the A + B group and included admission to a tertiary hospital, healthcare provider specialty and prescription from outpatient clinic, but patients with end-stage renal disease were less likely to receive ACEi or ARB treatment.
For group B, relatively young patients and those admitted to a secondary hospital were more likely to receive beta-blockers, and patients with diabetes or chronic lung disease were less likely to receive treatment. Digoxin, diuretics, or inotropic agent use were negative associated factors in group B.
In the Aldo group, patients who were admitted to primary or secondary hospital, those with dementia or transient ischemic attack, and those living in rural areas were more likely to be treated with only aldosterone antagonists.
Data from the subgroup of our study population that was given digoxin and diuretics as compared to those data from the evidence-based treatment group and the non-use group are shown in Table 3 . Results from the subgroup analysis were similar as in total study population. For A + B subgroup, admission to tertiary hospital, prescription from outpatient clinic, having myocardial infarction, atrial fibrillation or valvular heart disease and prescribed with inotropics, antidiabetic medication or anti thrombotic medication were positive associated factors. Chronic lung disease was negative associated factor for utilization of beta blocker treatment in our subgroup analysis. End stage renal disease was negative associated factor in A subgroup. Beta blocker treatment subgroup were relatively young and admission to tertiary hospital was negative associated factor.
Discussion
This nationwide study revealed the utilization patterns of evidence-based pharmacologic treatment among elderly heart failure patients. Our study indicated that evidencebased treatment is underutilized in elderly heart failure patients, which is similar to the findings of many other studies.
The evidence-based treatment group was more likely to be admitted to tertiary hospitals, and their healthcare providers were more specialized than those of patients in the non-use group. Although we did not find the subspecialty of internal medicine in our data set, we hypothesized that most internal medicine care providers would be cardiologists. The evidence-based treatment group was more likely to have coexisting cardiovascular diseases, such as angina, myocardial infarction, atrial fibrillation, and valvular heart disease, and comorbidities, such as diabetes and hyperlipidemia.
The non-use group was more likely to have been admitted to a primary or secondary hospital and treated by less specialized healthcare providers and was also more likely to have dementia and living in rural area. And rate of prescriptions from outpatient setting in non use group was 54%, which was lower than that of evidence based treatment group, where rate was 76%. Therefore, it could be inferred that the non-use group was more likely to be institutionalized. Shibata et al [10] ., studied the utilization pattern of evidence-based treatment for heart failure in institutionalized elderly patients and found prescription rates to be low; the frequency of ACEi and ARB treatment was 51%, and the frequency of betablocker treatment was 16%.
When considering the associated factors for evidencebased treatment in elderly heart failure patients, the specialty of the treating healthcare providers and the type of hospital were important factors. This may be related to medication costs and reimbursements. If a patient is institutionalized due to dementia, the percentage of the fee that the national healthcare insurance system covers is limited, and the hospital should thus attempt to reduce medication and examination costs. Another factor related to the utilization of evidence-based treatment may be the healthcare providers. Beta-blockers have been traditionally misunderstood as aggravating chronic obstructive pulmonary disease or poor glycemic control in diabetes. However, several studies [26, 27] have suggested that patients with chronic obstructive pulmonary disease tolerate selective beta-blockers well, although these medications should be administered at the lowest possible dose and require close monitoring. Carvedilol, the most frequently used beta-blocker for patients with heart failure, can also be safely prescribed to diabetic patients [28] because it has neutral effects on blood glucose levels. Many studies have shown that evidence-based beta- blockers, such as carvedilol or nebivolol [29] , should be prescribed for diabetic heart failure patients because these treatments have significant health benefits for all causes of mortality. Our data suggest that many physicians appear reluctant to prescribe beta-blockers for patients with chronic lung disease or diabetes.
Many researchers from other countries have studied the utilization patterns of evidence-based treatment in heart failure. Research using the Medicare database [12] for elderly populations with heart failure found that the prescription rate of those prescribed only ACEi or ARB treatment was 27.9%. The rate of beta-blocker prescription was 15.7%, and patients were prescribed both treatments at a rate of 28.4%. Data from the Registry to Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting (IMPROVE HF) [30] indicated that the prescription rate for ACEi or ARBs was 79.3%, and that for beta-blockers was 85.8%. This suggested that the utilization patterns of evidence-based treatment are dependent on the database that is used for the analysis. For comparability with our data, we searched articles using claims databases.
Gislason et al [31] ., studied the persistent use of evidence-based pharmacotherapy in heart failure using the Danish National Patient Registry claims database. Prescription was defined as treatment initiation after discharge from a hospital admission due to heart failure, which was similar to our study design. The prescription rate for ACEi or ARB treatment was 43%. Beta-blockers were prescribed at a rate of 27%, while spironolactone was prescribed at a rate of 19%.
Another study was published using a population-based cohort (1999-2001) of 9,942 patients with heart failure who had been hospitalized in Ontario, Canada [32] . These researchers investigated the prescription rates of evidence-based treatment for patients admitted to the hospital due to heart failure after their discharge. The prescription rate of ACEi or ARB treatment was approximately 77%, while that of beta-blockers was 33%; however, the authors stratified prescription rates with respect to the validated heart failure risk scores. One study [9] used the Euro Heart Survey on Heart Failure, which included 46,788 heart failure patients from 115 hospitals in 24 ESC member countries. These data showed that the prescription rate for ACEi or ARB treatment was 62%, and the beta-blocker prescription rate was 37%.
The prescription rate of ACEi or ARB treatment was 54.7% for our total study population and 67.3% when the population using diuretics and digoxin was analyzed, as shown in Figure 2 . Similarly, the prescription rate of beta-blockers was 31.5% for the total study population and 35.4% in the population using diuretics and digoxin. Some of the underutilization in betablockers could be due to recent hospitalization of heart failure patients, because stabilization of patient's status should be prior to initiating beta blockers.
Our data suggested that the non-use group may consist of institutionalized patients with dementia and that healthcare system factors, such as medication cost and reimbursement, healthcare provider factors, such as specialty or knowledge, and patient factors, such as comorbidities, could contribute to the underutilization of evidence-based pharmacologic treatment in heart failure.
We used the KHIRA claims database to ensure high generalizability and eliminate recall and selection bias. Our study results reflected the actual heart failure population, and because we used the National Health Insurance System, we were able to obtain detailed information concerning the medications that were used to treat diseases coded by the International Classification Codes. Thus, we were able to estimate the nonuse group.
However, our study had several limitations. First, the diagnosis of heart failure in the KHIRA database was not validated, although a validity study that compared diagnoses by ICD-10 codes to clinical information obtained using the medical records showed a positive predictive value of approximately 70% [33] .
Second, our study was limited because data concerning the left ventricular ejection fraction were not available. Therefore, our population had potentially considerably more diverse clinical characteristics, although we attempted to adjust for this limitation by including many comorbidities and medications. We also analyzed subgroups according to digoxin and diuretic use, which represented symptom-relieving heart failure treatment, and the results did not differ.
Third, the contraindication of evidence-based treatment could not be clearly defined. In the non-use group, long-term bedridden status may contraindicate betablocker utilization or cause patients to be intolerable state in lowering their blood pressure.
Conclusions
In conclusion, an underutilization of evidence-based treatments was observed in elderly Korean heart failure patients. Coexisting cardiovascular disease severity and concurrent medications were associated with a greater use of evidence-based treatment. The specialty of the healthcare providers, prescription from outpatient clinic and the hospital type were important factors for utilizing evidence-based treatment. Our results could be related to the healthcare system, various healthcare provider factors and patient factors.
Further research should focus on improving the quality of treatment programs for elderly heart failure patients.
